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Abstract: This paper deals with why flexible networks can be efficient 
in responding to rapidly changing consumer demands, developing new 
technologies, and disseminating information regarding commercialisation. 
Taiwanese small firms, along with their Italian counterparts, have often been 
cited as paradigmatic cases of demand-responsive network structures. In the 
semiconductor sector of Taiwan, the government research institutes and their 
policy networks with the private sector investors substantially cleared the 
hurdles of uncertainty regarding the initial investment decisions of R&D. 
Simultaneously, international networks that exploited the richness of structural 
holes facilitated smooth and speedy transfers of new technologies. This paper 
finds that technological innovation within a small firm network cannot be 
successful without the establishment of a domestic policy network and an 
international supply network. 
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1 Introduction 


Taiwan’s semiconductor industry is an evident success in the interplay of domestic policy 
and international supply networks. However, this statement poses three questions that 
warrant attention from network theorists. First, do small firm networks, such as the 
family firm network in Taiwan, which have limited financial reserves, have hidden 
network resources that can tolerate risky diversification into semiconductor industries? 
Second, do small firm networks with severely limited marketing capabilities have other 
network resources that encourage the commercialisation of new technologies? Third, 
if the network resources of Taiwanese family firms have overcome the above two 
difficulties in innovation and technology commercialisation, what are their unique 
organisational advantages that made the success possible? 

Family firms or any other small firms based on strong ties are fraught with difficulties 
in securing fine-grained information that networks of weak ties can easily generate [1]. 
This disadvantage, however, can be offset by alliances with other firms based on trust, 
regional proximity, shared interests and relational subcontracting (see [2-8]). We broadly 
call this a domestic policy network. If the domestic policy networks are designed to 
maximise the utilities of structural holes, family firms can also enhance information 
gathering and processing capabilities [9]. However, even if trust is obtained by the above 
organisational contingencies, it is still questionable whether small family firms can 
indeed invest large sums of money in high technology industries such as the 
semiconductor industry. This is why we argue that an international supply network is also 
necessary. 

The typical organisational characteristics of the Taiwanese family firms makes it 
difficult to diversify financial sources because of the small scale and simple 
organisational structures [10]. Arrow notes that small size firms often acquiesce to a 
sub-optimal scale of development expenditures, because ‘capital will be available from 
the outside only on unfavourable terms’ [11]. This is the case in part because 
cross-boundary transmissions of communication always suffer from considerable 
degradation. 
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Even when a new technology is developed, the next step that poses a problem is 
commercialisation. In marketing a new product Taiwanese family firms face the same 
problem of communication degradation because they have to market memory chips and 
display panels through the distributors who are neither hierarchically nor horizontally 
integrated into their firms. A substantial number of integrated circuit (IC) chips are in fact 
marketed in several different countries, not alleviating the level of uncertainties 
surrounding product commercialisation [12]. 

Existing studies emphasise two institutional mechanisms that have fended off the 
danger of uncertainties surrounding R&D investments by small family firms in 
Taiwan — policy networks and international networks (see [12—17]). Although policy 
networks attenuate opportunism among players in the market by giving incentives to 
cooperate, especially between governmental research units and family firms, they can be 
found in South Korea and Japan as well, where large firms dominate R&D (for policy 
networks, see [13—15,18,19]). In similar vein, competing firms in Japan and South Korea, 
both of which maintain large sized firms, can easily replicate the process of forming 
international networks to reduce commercialisation and marketing uncertainties (for 
international networks, see [12,16]). What then are the small-firm specific network 
mechanisms that render efficient R&D investment and commercialisation decisions in the 
semiconductor sector? 

This paper assumes that organisational structures bear important leverages over 
firms’ decision on R&D investments. This is Arrow’s innovation process model [11]. 
We, however, want to refine the model by providing organisational evidence of why and 
how small firms can also minimise decisional uncertainties surrounding R&D 
investments. Briefly, Taiwanese family firms ensure low levels of risks by swapping 
products and services among themselves in Taiwan, on the one hand, and with their 
counterparts in Silicon Valley on the other. The reason for choosing firms at the Silicon 
Valley was due to its advanced information technology (IT). In addition, many 
contributions were, in fact, made by Taiwanese engineers in advancing IT. These two 
factors, combined together, led to the involvement of Taiwanese small firms with small 
firms at the Silicon Valley. Thus, networks of this kind maximise the comparative 
advantage of small firms in the minimisation of uncertainties. A relational division of 
labour between firms is a dominant mode of networking among Taiwanese 
semiconductor producers, while they simultaneously create and exploit structural holes of 
the networks on both sides of the Pacific after a long period of trial and error. This kind 
of small firm network provides each member with information on R&D investments, 
technology transfers (i.e. reducing investment uncertainties), product development and 
marketing (i.e. reducing commercialisation uncertainties). 

The organisation of this paper is as follows. We will first explain the concept of the 
relational division of labour, before moving on to the issue of policy networks and 
international networks. After theoretical discussions, we will focus on one leading, albeit 
not representative, firm in the semiconductor sector (Taiwan Semiconductor 
Manufacturing Company, Ltd., TSMC) to illustrate how policy networks and 
international networks can be efficient under the governance structure of small firm 
networks. The methodological assumption of this paper is basically empirical, although 
no rigorous statistical methods were adopted, in large part because the Taiwanese high 
tech sectors are tightly closed to foreign researchers. The sentiment of protecting her 
industry from the scholars of competing countries, especially South Korea, is very strong. 
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The entire analysis of this study relied on interviews, primary and secondary sources, and 
governmental archives. 


2 Relational interfirm division of labour in the high tech sector 


The interfirm division of labour invites all sorts of suspicion as to whether it can be 
sustained to begin with, unless legal institutionalisation of exchanges of goods and 
services between partner firms takes place. When risks are unbearably high due to asset 
specificities and switching costs, the interfirm division of labour faces untenably 
expensive transaction costs [20,21]. However, as Piore and Sabel demonstrated [22], 
the interfirm division of labour turns out to be a feasible project, as long as it leads to the 
flexible specialisation of core technologies that can develop their own corresponding 
markets [12]. 

The interfirm division of labour among closely located firms props up a loosely 
coupled network, in which mutual stock ownership and directorate interlocking are 
disheartened. The source of mutual benefit from this type of network is reciprocity or 
relational contracting, where participants constantly promote information sharing and 
swapping of goods and services. The entire network is based on a premise that all 
members shall exchange goods and services with each other, switching the roles of 
suppliers and buyers in every consecutive round of transaction. This is why the 
networked division of labour leads to both technological specialisation and market 
creation. 

In addition, specialised technologies, goods and services are subject to pressures of 
innovation from the buyers in the market, who are also suppliers’ partners in the same 
network. Since a pair of suppliers and buyers constantly exchanges roles in each round of 
transaction, demands for further innovation are mutually reinforcing, as long as 


e trust is consolidated through strong market potentials 


e long periods of successful cooperation do not nearly drive international competitors 
out of the market 


e a leader firm in each network continuously searches for potential alliances with 
competing suppliers/buyers in the domestic and international markets, who are 
unrelated to any of its members in the original network [6,9,23]. 


In sum, the interfirm division of labour is complete when the divisibility of technologies 
into small firm units runs out and the number of surviving small firms is not too few to 
reduce the total number of structural holes. The interfirm division of labour completes a 
cycle of innovation, labour supply, production and market creation through product 
swapping over a period of time [12,24—27]. The consequences of the relational interfirm 
division of labour are the flexible specialisation of the in-house task structures, fine-tuned 
to the changing environment and financial sources, the reduction of initial investment 
costs, rapid cycles of innovation and product commercialisation and the minimisation of 
redundant network ties (i.e. small size). 

Although the relational interfirm division of labour theoretically allows small firms to 
diversify into high technology and knowledge based industries, it still falls short in 
explaining how these small firm networks can be efficient in obtaining external financing 
and eventually be successful in innovation and commercialisation. Placing a firm in an 


Networked path towards technology innovation 93 


environment where the demand of innovation is constantly high is not always congruous 
with actual success in innovation, obtaining external financing and commercialisation. 
The networked division of labour is only a necessary condition, not a sufficient one. 
Although environmental uncertainties are drastically reduced in the networked division of 
labour, other institutional incentives, however, must play a role in securing external loan 
packages that are often large in amount, especially in the case of setting up the foundries 
for IC chip production. 

A typical institutional arrangement that props up intra-network efficiency is the 
policy network between public sector agencies and private sector firms. Here, we need to 
explain how small firms institutionalise policy networks that are significantly different 
from their counterparts in the big firm dominated markets. In a previous study, significant 
differences in policy networks were found between Japan, South Korea, and Taiwan [28]. 
Japan has a typical dual structure market of big firms with small suppliers — the keiretsu. 
Korea has a single market of big firm domination — the chaebol. Taiwan maintains a dual 
market of large-scale public corporations and small-scale family firms — the guanxi qieh. 
Unlike the preceding two, Taiwanese family firms cannot enjoy a resource pool large 
enough to lobby the government and set up their own R&D labs geared to generate 
innovations for import substitution and subsequent exports. The intention for the 
government to intervene in this innovation process model thus seems much more 
adamant in Taiwan than in Japan or Korea [15,29]. 

However, the Taiwanese government surprisingly adopted a non-interventionist 
attitude vis-a-vis the local industries organised and run by indigenous Taiwanese 
capitalists, for reasons of national security and separatist policy directives [14,15,29,30]. 
Indeed, this institutional obstacle worked against the development of high technology 
industries, such as the automobile, as no policy network provided local car assemblers 
with incentives for developing automobile engine technologies. This is a major difference 
from its Korean and Japanese counterparts where indigenous car industries not only 
replaced foreign imports in the domestic market but also obtained huge market shares in 
North America, Europe and Asia [18]. 

The lesson from the failure of the Taiwanese automobile industry helped in the 
formation of appropriate policy networks suitable for small firms that are widespread in 
the country. The creation of the National Science Council, Hsinchu Science-based 
Industrial Park (HSIP), Industrial Technology Research Institute [TRI and Electronics 
Research and Services Organisation (ERSO) was intended to promote competition, 
instead of heavy market regulation [12,31—33]. Therefore, redundant networking was 
common due to the low barriers of market entrance. Since the government has 
discouraged R&D investments by private firms in semiconductor technologies, the ERSO 
could exercise enormous power over these networks of small firms — greater benefit of 
structural holes than what any other governmental organisations in the policy networks 
could enjoy. 

Once decisional uncertainties with respect to R&D investments disappeared from the 
firm level, production facilities were easily grouped based on the concept of relational 
interfirm division of labour between small firms, on the one hand, and between the firms 
and the ERSO on the other [12,15,32]. The relationship between the ERSO and the firms 
was strictly based on technological spin offs, in addition to manpower transfers, which 
are two important elements of Taiwanese venture firms that we will elaborate on in 
subsequent sections. Major semiconductor firms in Hsinchu are thus joint ventures 
between the ERSO and private investors [34,35]. 
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Although R&D investment and technology spin off decisions were under the purview 
of the ERSO, firms’ initial commitment to facilities investments remained in the grey 
area. Over the years, family firms have diversified their financing sources, eventually 
shying away from the parochial and often feeble basis of extended family financing. 
The catalyst of changes, especially in the high tech and information technology 
industries, was the wave of venture capital firms that steered their way into the 
Taiwanese financial market from the Chinese American communities. The policy 
network in Taiwan swiftly awarded tax breaks to venture capital firms [16,36]. 
The drastic increase in the number of venture capital firms in Taiwan during the latter 
half of the 1990s was phenomenal, repeatedly signalling the Taiwanese characteristic of 
innovation by individuals, not the government. In addition, traditional ties with the 
Japanese multinational corporations persisted. 

The complete picture of the Taiwanese relational interfirm division of labour includes 
a multitude of actors and institutions. First, small firms, in stiff competition with both 
domestic and overseas suppliers, sub-divide the entire production task structure to a 
minimal scale. This is to reduce set-up and overhead costs and to enhance reciprocity 
with other members of the network, usually placed in proximity. These firms exchange 
markets as buyers and suppliers to motivate each other towards innovation. Second, the 
government reduces uncertainties with respect to R&D and spin off (commercialisation) 
decisions for these firms by setting up national and centralised research institutes that are 
also in stiff competition with international suppliers of technological innovation. These 
government labs are strategically placed near the small firm networks. Third, venture 
capitalists provide funds to the small firms, on condition that they are linked with both 
their customers and the government agencies through trust-based networks, which offer 
substantial incentive opportunities. Finally, industrial associations, such as the Taiwan 
Semiconductor Industry Association, provide an institutional arena where all concerned 
participants in the relational interfirm division of labour can share fine tuned and grained 
information. Put together, these dense networks of firms, labs and overseas investors 
continuously strengthen the level of trust among the network participants. 


3 International division of labour in the high tech sector 


The international division of labour between Taiwanese small firms and _ their 
counterparts in Silicon Valley has the following components: 


e task specialisation and international division of labour 
e market swapping with a myriad of structural holes 


¢ international policy networks with transnational capacities. 


Although we have already explained them in the preceding section, these components 
require further elaboration, especially in the international context. 

First, task specialisation and international division of labour involve technology 
transfers on a wholesale scale. The traditional cooperation between Taiwanese family 
firms and Japanese multinationals in the labour-intensive sectors usually involved an 
unequal relationship of power [37,38]. Transfers of technology from larger firms in Japan 
to smaller firms in Taiwan depended on the need of the Japanese marketing priorities and 
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rarely on the need of the Taiwanese firms that strived to achieve innovation with which 
they could catch up with foreign multinationals. Even when technologies were 
transferred, they were done so on a piecemeal and/or need-to-know basis. 

The picture changes drastically when a couple of small firms interact together on a 
common ground of swapping goods and services. Indeed, in the international division of 
labour with small firms in Silicon Valley, two important environmental changes 
occurred: (1) sophisticated technologies were shared by thousands of small firms in 
Silicon Valley, easing the access to new technologies for Taiwanese firms and (2) many 
of these firms were in fact owned by Taiwanese living in the US [16]. These two 
conditions augur similar or equal relationships of power between Taiwanese and Silicon 
Valley firms in terms of transactional relations, assuring technology transfers that are 
quick and large in quantities. However, we need some qualifiers to be able to assert this. 

Albeit sophisticated in their own right, the technologies these small firms possess 
would not have final market values unless they are blended with other production 
processes and technologies. The division of labour looms large. For example, 
a Silicon Valley firm that produces IC chips would not generate much value, unless it is 
able to obtain supply contracts with other small firms that produce motherboards, 
modems, sound cards, scanners and so forth. Likewise, a modem-producing firm 
cannot survive in the market without having a long-term relationship with an IC chip 
producing company. Technologies are specialised, and their scales are reduced, all for the 
purpose of innovation; however, they cannot survive without a certain amount of 
interdependency [8,16]. 

Why would they enter into an international division of labour? The international 
division of labour among small firms in the high tech industries has multiple purposes, 
such as market creation (i.e. goods and services swapping on a global level), technology 
transfers, cost reduction and the shortening of product cycles. Among these, we argue 
that shortening product cycles is the most important reason. As mentioned above, 
the survival of small firms depends on their capacity to flexibly respond to changing 
demands in the market (i.e. short product cycles). Small firms in the information and 
technology intensive sectors increasingly feel the need to share innovation with others in 
the same sector [28]. Briefly, new knowledge cannot automatically generate its own 
value without first circulating it in the market, especially among the competitors [39]. 
Innovators realise that end users in the market sometimes know more about the utility of 
new technologies than the inventors. The more widely a new technology is circulated in 
the market, the better the chance of commercialisation, eventually shortening the product 
cycle of the technology. In the era of short product cycles, the end users of a new 
technology are often international firms that strive to shorten the cycle even further. 

Since the overseas Chinese, who run small firms in Silicon Valley, have already 
compartmentalised their technological specialty and production lines, they would 
normally search for alliance partners in Taiwan, where small firms have also 
compartmentalised their core technologies. This, however, is done only through a 
multitude of networked interdependence, which involves a network of overseas Chinese 
associations in Silicon Valley, venture capital firms on both sides of the Pacific and the 
policy networks in Taiwan. 

Second, the relational international division of labour requires a guarantee of market 
creation given that small firms on both sides of the Pacific establish a smooth 
interdependence relationship due to their technological compartmentalisation and a 
seamless fusion of two or more technologies in a loosely networked mode of production. 
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Although product swapping in a domestic market may work as an important means of 
market creation over a long period of time, it may not work in the international market. 
An important additional condition is the existence of industrial leaders in the strongest 
markets who can put all the swapped products into a final commercial unit for mass 
consumption. Examples are MicroSoft for software products and IBM for hardware 
equipment. A comparative advantage of Taiwan is the ongoing interdependence between 
overseas Chinese firms in Silicon Valley and the US market leaders. OEM (Original 
Equipment Manufacturing) and ODM (Original Design Manufacturing), thus, are two 
dominant means of trade in Taiwan, whereas OBM (Original Brand Manufacturing) is 
prevalent in Japan and Korea. 

International market swapping in the IT sector through OEM or ODM also involves 
small firms in the US. Most small firms in Silicon Valley are closely interdependent on 
each other and rely on giant firms for marketing their products. Taiwanese small firms, 
in fact, supply more parts to these small firms at Silicon Valley than to the giant finishers 
of the US. In turn, these Silicon Valley firms provide their Taiwanese trade partners with 
finished products and new technologies. An important distinction to be made here is that 
Silicon Valley small firms import finished Taiwanese products with their own brand 
names (i.e. OBM), which will then be installed on a larger IT machine that bears US 
brand names (OEM and ODM). The size of market swapping partners thus sometimes 
determines the type of interdependence between them. This is also true among small 
Japanese and Korean venture IT firms that supply finished products to US finishers who 
will then use their own original brand labels. 

Third, policy networks usually manage manpower transfers and sharing information 
on market creation. There are three groups of Taiwanese talents in the transpacific 
network of high tech industries: 


e those who permanently stay in Silicon Valley and run small firms, high tech firms or 
private R&D institutes 


e those who permanently moved back to the mother island and opened IT venture 
firms in association with the ERSO 


e those who travel back and forth across the Pacific to bridge the gap between Silicon 
Valley and the island of Taiwan [16]. 


The resident Taiwanese in Silicon Valley formed several professional associations of 
their own, which are closely related to the policy network in Taiwan. Examples are the 
Chinese American Semiconductor Professional Association and the North American 
Taiwanese Engineers Association. The role they played in setting up the HSIP, the ITRI 
and the ERSO was significant. The Monte Jade Science and Technology Association 
(MJTA), founded in 1989, focuses on sending Taiwanese scientists and engineers to the 
HSIP and the ERSO, signalling the formal institutionalisation of the transpacific 
Taiwanese policy networks. Although formal sources deny such a role and the funding 
by the Taiwanese government, informal sources all confirm close ties between the 
government and the MJTA [16]. The number of Taiwanese professionals recruited by 
the HSIP firms and R&D labs in 1997 grew ten times what it was in 1989, the year 
the MJTA was founded [12,16]. 
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When they move back to Taiwan, these professionals usually do two things — work 
for the labs and open up a venture firm. Manpower transfers from the ITRI/ERSO to IT 
venture firms resemble the Japanese style amakudari (literally, descending from heaven, 
but it means a ‘comfy’ retirement package for high ranking bureaucrats). However, 
former scientists of the ERSO, unlike the retired Japanese bureaucrats, carry advanced 
scientific and research knowledge with them when they commence new jobs (usually, 
as Chief Technology Officer) at such thriving venture firms as TSMC. For example, 
the former ITRI Chairman, Chang Zhong Mo, moved to TSMC, the biggest 
semiconductor company in Taiwan; Tsao Hsing Chung (Robert Tsao), former Vice 
Chairman of the ERSO, took the chairman’s position at UMC, the second biggest one, 
and there are many more such cases [12]. 

The most important go-between group is the venture capital firms. Of course, those at 
other subgroups in the Taiwanese international policy networks travel transpacific all the 
time, as in the case of the famous National Development Conference, annually hosted by 
the Ministry of Economic Affairs to maintain the transpacific connection. Yet, it is the 
venture capital firms that maintain business bases on both sides of the Pacific. As we 
explained earlier, the handshake between the transpacific venture firms and the Ministry 
of Finance, which offered tax breaks, finalised the Taiwanese international policy 
network and the institutionalisation of the semiconductor industry in the HSIP. All 
venture capital firms that invest money in high tech industries in Taiwan receive tax 
breaks on 25% of total investments for five years [16]. The go-betweens provided 
‘bullets’ to the Taiwanese family firms, with which they could shoot at the moving target 
of building export-oriented IT industries in Taiwan. 

The Taiwanese international division of labour beefs up transpacific technology 
transfers, the international reciprocity of market creation through product swapping and 
reverse brain drain and cash inflow in the form of venture capital from the US to Taiwan. 
All these were made possible by the fact that firms involved in the international division 
of labour were small in size, networked under the ethnic and national commonalities, and 
guided and financed by the government agencies. Therefore, the Taiwanese mode of 
innovation is ‘smallness and international networking first’, a rare phenomenon in the 
literature of the East Asian model of development [40]. 


4 A small firm model of innovation and commercialisation 


Two axes of efficiency in the Taiwanese mode of innovation are the relational interfirm 
division of labour in the domestic market, on the one hand, and the international market 
on the other. The huge network of small firms in Taiwan is connected to the similarly 
large small firms’ network in Silicon Valley, all very rich in structural holes. In Burt’s 
words, entrepreneurs are those who succeed in linking two similar, yet conflictive, 
networks together (i.e. the tertius) [41]. Taiwan’s small firm model of innovation and 
commercialisation truly fits Burt’s definition of entrepreneurship, although we do not 
know who the tertius was [42]. 

Why the linkage was possible and who made it possible are important questions with 
which we have to deal later in a separate study [43]. For now, we will confine ourselves 
to the explanation of why this linkage was efficient. Based on the lengthy discussion on 
the HSIP and Silicon Valley networks, we find some new insights on innovation that are 
not always congruous with Arrow’s innovation process model [11]. The model basically 
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assumes that the firm size is very critical in determining the outcome of innovation 
results, a premise that is also adopted in this paper. The most significant difference 
between the multidivisional firms and small firm networks in general is that “large firms 
will have a disproportionately larger and more stable internal capital supply than smaller 
firms will” [11]. 

In addition, small firms will suffer from the sub-optimal level of R&D investments, 
although they are well aware of the development possibility function — i.e. the function 
used to calculate the expected profitability to a given level of development 
expenditures [11]. This is mainly because of the degradation of information that occurs 
when funding is sought across the boundary of the firm, although the development 
possibility function is better understood in small firms than in large ones. Therefore, 
small firms will excel large firms only in the market where development expenditures are 
small in sum and research projects are novel in content [11]. 

Since research results determine development expenditures, small firms tend to 
undertake a line of research whose result would optimally involve much larger 
development expenditure than it is prepared to undertake. This is because no one can be 
sure of research results that often require huge development expenditures to be 
commercially valuable. Given the restriction on funding among small firms, they usually 
abandon altogether or downsize development plans to a scale much smaller than an 
optimalone. 

Unlike Arrow’s innovation process model, however, the disadvantages of small firms 
in financing R&D disappear when two conflictive networks of shared interests are 
combined together through a tertius. The tertius in the case of the HSIP was the 
ITRI/ERSO that linked two networks of engineers in Taiwan and Silicon Valley together. 
Funds for joint ventures came from the government banks along with private investors. 
Once the success was obvious in joint ventures of this kind, more private investors rushed 
to the HSIP for further networked division of labour [12,16,32]. 

As Figure | depicts, the small firm model of the innovation process involves an 
evolution of networks. During the inception of the semiconductor industry in Taiwan 
(1975-1979), the network had three participants — the ERSO, Taiwanese engineers and 
RCA (along with Taiwanese engineers in the US). The ERSO took on the role of a broker 
connecting the linkages between RCA and Taiwanese engineers in order to transfer 
technologies from the US The network was very simple and tightly connected with no 
structural holes. The second phase of network evolution (1979-1983) incorporated the 
first Taiwanese semiconductor firm (UMC) that was spun off from the ERSO. Even at 
this phase, the network between UMC, ERSO and the Taiwanese engineers in the USA 
was simple and tightly connected, not generating many structural holes. The third period 
of network evolution (1983-1988) succeeded in creating structural holes, because 
Taiwanese firms in Silicon Valley joined Taiwanese firms in the HSIP through the 
ERSO. This period marked the completion of the model of the innovation process for 
Taiwanese small firms. 
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Figure 1 The stages of network evolution in the Taiwanese semiconductor industry 


Engineers 
In ROC 


‘Tatwanese Universities 


Engineers in 
the US 


‘Tatwanese 
Firms in US 
Es. ‘Taiwanese 
Engineer ! ? 
eee Se | Firms in ROC 
Associations 


‘Taiwanese 
Financial Firms in ROC 


The third stage of network evolution greatly increased efficiency through creating 
structural holes, which the ERSO could exploit towards its effort at sustaining optimal 
levels of developmental expenditures. However, size is always a mixed blessing [41]. 
The redundancy of networks has not greatly disappeared since engineers and 
semiconductor firms are still connected to the ERSO in the HSIP and Taiwanese-owned 
firms and engineer associations in Silicon Valley are still connected to the ERSO. 
The biggest change over the years was the initiative taken by small firms in the HSIP to 
solicit technology transfers from Philips and Mitsubishi that are not related to the ERSO. 
In addition, venture capital firms in the US and Taiwan participated in this network, 
although they are still linked to the ERSO. 


‘Tatwanese 
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Therefore, we can deduce that the ERSO took innovative action when it could link 
the two separate networks in the US and Taiwan, whereas it is now the small firms in the 
HSIP that are taking more innovative action by linking their networks to such external 
companies as Philips, Mitsubishi and venture capital firms. We can expect that a fourth 
form of network evolution could be possible, where the role of the ERSO can be rapidly 
replaced by leading Taiwanese firms in the HSIP that maintain the connection with their 
US partners over and above their networks with venture capital firms and multinational 
leaders in technologies. 


5 The case of TSMC 


Taiwanese high tech companies clearly demonstrate that small firms with limited 
financial and marketing capabilities can overcome these difficulties through creating and 
enhancing dense networks of firms, labs and overseas investors. Contrary to arguments 
presented by Arrow’s model, Taiwanese small firms manifest the possibility of successful 
innovation and commercialisation despite their disadvantageous size. The case of TSMC, 
the most successful high tech company in Taiwan, provides empirical evidence of such 
phenomena. 

TSMC was founded in 1987 as the ITRI’s technology spin off case. TSMC started as 
a joint venture firm with 30% of its total investment originating from Philips and is now 
the largest semiconductor manufacturing firm in Taiwan [12]. TSMC focuses on foundry 
services (i.e. wafer production), while maintaining the relational interfirm division of 
labour with Taiwanese small firms and multinational firms in North America, Japan, 
and Europe. 

A typical domestic division of labour within a foundry involves the following 
processes: IC design, photo masking, wafer production, wafer probing, IC assembly, 
IC testing and IC packaging. TSMC specialises in photo masking, wafer production and 
wafer probing, while designing, assembling, testing and packaging processes are sourced 
out under the principle of relational interfirm division of labour. For example, Global 
UniChip and Goya maintain strategic alliances with TSMC for design and ASE for 
IC assembly and testing [12,44]. As seen in Figure 2, TSMC achieved a central position 
in the market by linking up important manufacturing units that are densely networked 
with other small firms (i.e. rich structural holes). 


Figure 2 TSMC’s network with structural holes 
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TSMC established ‘Virtual Fab’, a networked division of labour between TSMC and its 
customers. Virtual Fab allows small firms with new IC designs to have access to TSMC’s 
flexible foundry service without investing large sums of money in developing their own 
foundry fabs (i.e. virtual fab). TSMC’s small size also makes it possible to produce 
wafers that meet customers’ new designs, an advantage not easily replicable by large 
foundry service providers [44]. The three main categories of TSMC’s customers are 
fabless semiconductor companies, integrated device manufacturers and system 
companies. 

The key to the success of the TSMC depended in large part on the speed of product 
delivery and creation of newly designed IC chips for the upgraded versions of integrated 
products. Product cycles thus have to be shortened to be competitive in the market. 
Information sharing in Virtual Fab was accelerated in part due to the weak ties prevalent 
among partners in the network. Since task specialisation was so clear between network 
members, information sharing towards innovation brought in mutual benefit instead of 
mutual destruction. In fact, at the TSMC headquarters in Hsinchu, it is not uncommon to 
meet engineers of customer firms working closely with TSMC engineers. Also, TSMC 
engineers are often located in customer firms in Silicon Valley for a long period of 
time [16]. 

In addition to technology transfers and information sharing towards innovation, 
manpower shifts across the Pacific have been common at TSMC. For example, the 
Chairman of the company, Morris Chang, descended from the ITRI to take up the current 
position. Also, Vice President Steve Tso came from AMD, a leading Silicon Valley firm 
that specialises in foundry materials. These human networks entail networked 
cooperation between TSMC and the ITRI/ERSO, on the one hand, and between TSMC 
and AMD on the other. These two people thus served as the fertius, bringing the two 
networks together. 

TSMC’s financing sources are diverse. In addition to Philips, the Taiwanese 
government (via an administrative development fund) invested 48.3% of total capital in 
the company at the time of inception. This fund later sold its shares to private investors, 
reducing the stake to 23% in 1998. Although it faced enormous difficulty in soliciting 
investments from venture capital firms and other private investors during the 1980s, 
TSMC’s success along with other semiconductor firms that spun off from the ITRI/ERSO 
network drastically reversed the situation. Both domestic and international venture capital 
firms are now important investors for the company [12]. The role the finance officers 
played in bringing external investors into TSMC’s network was thus pivotal. 

Innovation records at TSMC have been remarkable. Organisational innovations 
include the creation of Virtual Fab and the Design Center Alliance. If Virtual Fab is about 
the cooperation with customers and their local production networks, the Design Center 
Alliance is about the cooperation with producers. TSMC’s Design Center Alliance is a 
global affiliation of qualified IC design centres, which include 26 companies with more 
than 2,500 employees. They are dedicated to creating and verifying real product designs 
in TSMC silicon [44]. 

Technological innovations include the commercialisation of the industry’s first 
0.13 um mixed-signal production process in 2001, along with the 0.15 um technology 
in 2000 and the 0.18 um technology in 1999, and the 0.25 um technology in 1998. 
In addition, the company also retains BiCMOS technologies [44]. The product cycle, as 
was predicted, was very short — less than a year in R&D and about a year in 
commercialisation. The record of R&D and commercialisation thus did not fall behind its 


102 I. Oh, H-R. Kim and S. Yoneyama 


competitors of big firms in other parts of the world. TSMC is now the largest foundry 
service provider in the world. 


6 Conclusion 


This study set out to clarify why small firms can be successful in technology intensive 
industries, such as semiconductor (IC chip) production. Using the case of the TSMC in 
Taiwan, we provided evidence of innovative efficiency among the small firms in the 
semiconductor sector. Arrow’s innovation process model was refined to indicate how 
firms of small size could also ameliorate the problem of overcoming sub-optimal 
developmental expenditures due to information degradation in the process of acquiring 
external funding. 

In this process relational interfirm division of labour in the domestic and global 
markets appeared as central to the explanation of innovative efficiency of these firms in 
Taiwan. Relational interfirm division of labour was possible in Taiwan, because of 
the compatibility in size of these firms with Silicon Valley firms. The effects of the 
networked division of labour were the increased volume of information exchange without 
much degradation, increased accuracy in the development possibility function and the 
increased chance of securing funding and manpower for large projects that could be 
deemed inappropriate for small sized firms. 

Future studies on the innovation capacity of small firms in the high tech sectors can 
focus on actual entrepreneurs who take innovative actions when there are more structural 
holes in a network to be exploited. This concept of innovators as being people who create 
new networks by linking two or more conflictive networks of non-proximity turned out to 
be very useful in explaining the success of the Taiwanese semiconductor industry where 
small firms dominate. 


Acknowledgement 


This paper was originally presented at the AOM meeting in Denver, 2002. I thank 
Professor Jung Koo Hyun at Yonsei University, Professor Chu Yun Han of Taiwan 
National University, Dr. Aoyama Shuji of Heartware, Tokyo, Dr. Hu Cheng Da, 
Dr. San-Cheng Chang, Miss Rachel Huang, and other members at the Ministry of 
Economic Affairs, the National Science Council, the ITRI, and the ERSO for their 
exquisite help during my field research in Taiwan. This research was funded by the 
Korea Research Foundation (Grant Number: KRF-2001-042-C00134). 


References and Notes 


1 Granovetter, M. (1973) ‘The strength of weak ties’, American Journal of Sociology, Vol. 78, 
pp. 1360-1380. 


2 Lazerson, M. (1988) ‘Organizational growth of small firms: an outcome of markets and 
hierarchies?’ , American Sociological Review, Vol. 53, pp.330-342. 


3. -Perrow, C. (1992) ‘Small-firm networks’, in Nohria, N. and Eccles, R.G. (Eds.): Networks 
and Organizations: Structure, Form, and Action, Harvard Business School Press, Boston, 
pp.445-470. 


15 


16 


17 


18 


19 


20 


21 
22 
23 


24 


25 


26 


Networked path towards technology innovation 103 


Sabel, C. (1992) ‘Studied trust: building new forms of cooperation in a volatile economy’, 
in Pyke, F. and Sengenberger, W. (Eds.): Industrial Districts and Local Economic 
Regeneration, International Institute for Labor Studies, Geneva, pp.215—250. 


Sabel, C. (1995) ‘Turning the page in industrial districts’, in Bagnasco, A. and Sabel, C. 
(Eds.): Small and Medium-Sized Enterprises, Pinter, London, pp.134—158. 


Uzzi, B. (1997) ‘Social structure and competition in interfirm networks: the paradox of 
embeddedness’, Administrative Science Quarterly, Vol. 42, pp.35-67. 


Perry, M. (1999) Small Firms and Network Economies, Routledge, London. 


Hsu, J.Y. and Saxenian, A. (2000) ‘The limits of guanxi capitalism: transnational 
collaboration between Taiwan and the USA’, Environment and Planning, Vol. 32, 
pp. 1991-2005. 

Burt, R. (1992) Structural Holes: The Social Structure of Competition, Harvard University 
Press, Cambridge. 

Redding, G. (1995) ‘Overseas chinese networks: understanding the enigma’, Long Range 
Planning, Vol. 28, No. 1, pp.61-69. 

Arrow, K. (2000) ‘Innovation in large and small firms’, in Swedberg, R. (Ed.): 
Entrepreneurship: The Social Science View, Oxford University Press, Oxford, pp.229-243. 
Aoyama, S. (1999) Haiteku Nettowaéku Bungy6: Taiwan Handétai Sangyé6 wa Naze 
Tsuyoinoka? Hakuté Shobé, Tokyo. 

Asamoto, T. (1996) Gendai Taiwan Keizai Bunseki: Kaihatsu Keizaigaku kara no Apuréchi, 
Keisé Shobé6, Tokyo. 

Wang, H. (1998) Technology, Economic security, State, and the Political Economy of 
Economic Networks, University Press of America, Lanham. 

Chu, Y. (1999) ‘The institutional foundation of Taiwan’s industrialization: exploring the 
state-society nexus’, in Gustav Ranis, Hu Sheng-Cheng and Chu Yun-Peng (Eds.): 
The Political Economy of Taiwan’s Development into 21st Century: Essays in Memory of John 
C.H. Fei, Vol. 2, Edward Elgar, Cheltenham, pp.285-311. 

Saxenian, A. (2000) ‘Sirikonbaré to Taiwan Hsinchu Konekushon: Gijutsu Komyuniti to 
Sangy6 no Kédéka’, in Aoki Masahiro and Teranishi Jir6é (Eds.): Tenkanki no Higashi Ajia to 
Nihon Kigy6, Téy6 Keizai Shinposha, Tokyo, pp.311-354. 

Asamoto, T. and Liu, W. (2001) Taiwan no Keizai Kaihatsu Seisaku: Keizai to Seifu no 
Yakuwari, Keis6 Shob6, Tokyo. 

Doner, R. (1992) ‘Limits of state strength: toward an institutionalist view of economic 
development’, World Politics, Vol. 44, pp.398-431. 

Kim, H. (2000) ‘Fragility or continuity?: economic governance of East Asian capitalism’, 
in Robison, R., Beeson, M., Jayasuriya, K. and Kim, H-R. (Eds.): Politics and Markets in the 
Wake of the Asian Crisis, Routledge, London, pp.99-115. 


Williamson, O. (1985) The Economic Institutions of Capitalism: Firms, Markets, Relational 
Contraction, Free Press, New York. 


Nooteboom, B. (1999) Inter-Firm Alliances: Analysis and Design, Routledge, London. 
Piore, M. and Sabel, C. (1984) The Second Industrial Divide, Basic Books, New York. 


Smitka, M. (1991) Competitive Ties: Subcontracting in the Japanese Automobile Industry, 
Columbia University Press, New York. 


Shieh, G.S. (1992) ‘Boss’ Island: The Subcontracting Network and Micro Entrepreneurship in 
Taiwan’s Development, Peter Lang Publishing, Bern. 

Shieh, G.S. (1993) Wanglushi Shengchan Zuzhi-Taiwan Waijinxiao Gongyezhong de Waibao 
Zhidu, Minzuxue Yanjiu Jikan, Taipei. 


Chen, J.X. (1994) Xieli Wanglu Shenghuo Jiegou-Taiwan Zhongxiao qiye de Shehui Jingji 
Fenxi, Lianjing Chuban Shiye, Taipei. 


104 


27 


28 


29 


30 


31 


32 


33 


34 


35 
36 


37 


38 


39 


40 


41 


42 


43 


44 


I. Oh, H-R. Kim and S. Yoneyama 


Sato, Y. (1996) Taiwan no Keizai Hatten ni okeru Seifu to Minkan Kigyé, Ajia Keizai 
Kenkydj6, Tokyo. 

Oh, IL, Park, H. and Park, S. (Forthcoming) ‘Mad technology: changes in the national 
innovation systems in Japan, South Korea, and Taiwan’, International Journal of 
Entrepreneurship and Innovation Management. 


Wade, R. (1990) Governing the Market: Economic Theory and the Role of Government in 
East Asian Industrialization, Princeton University Press, Princeton. 

Orru, M. (1997) ‘The institutional logic of small firm economies in Italy and Taiwan’, 
in Orru, M., Biggart, N.W. and Hamilton, G. (Eds.): The Economic Organization of East 
Asian Capitalism, Sage Publications, Thousand Oaks, pp.340-367. 

Matthews, J. (1997) ‘A silicon valley of the east: creating Taiwan’s semiconductor industry’, 
California Management Review, Vol. 39, pp.26-55. 

Chang, P.L. and Hsu, C.W. (1998) ‘The development strategies for Taiwan’s semiconductor 
industry’, IEEE Transactions on Engineering Management, Vol. 45, pp.349-356. 

Chang, P.L., Lung, S.S.C. and Hsu, C.W. (1999) ‘The evaluating model for the technology 
needs of Taiwan high-tech industries’, International Journal of Technology Management, 
Vol. 18, pp.133-145. 

ITRI (1998) Annual Report: Industrial Technology Research Institute, ITRI, Hsinchu. 

ERSO (1999) Electronics Research and Service Organization, ITRI, Hsinchu. 


Chang, S. (1999) ‘National innovation systems and development: models and _ policy 
strategies’, Unpublished manuscript, National Science Council, Taipei. 


Bernard, M. and Ravenhill, J. (1995) ‘Beyond product cycles and flying geese: 
regionalization, hierarchy, and the industrialization of East Asia’, World Politics, Vol. 47, 
pp.171-209. 


Hatch, W. and Yamamura, K. (1996) Asia in Japan’s Embrace: Building a Regional 
Production Alliance, Cambridge University Press, Cambridge. 


Yoneyama, S. (2000) ‘Commercializing technological knowledge: an experimental approach’, 
Musashi Daigau Ronshii, Vol. 48, pp.45—70. 


O’Riain, S. (1999) ‘Rethinking the developmental stage: the irish software industry in the 


global economy’, Unpublished Doctoral Dissertation, Department of Sociology, University of 
California at Berkeley. 


Burt, R. (2000) ‘The network entrepreneur’, in Swedberg, R. (Ed.): Entrepreneurship: 
The Social Science View, Oxford University Press, Oxford, pp.28 1-307. 


Our hunch directs us to point the finger to the young Taiwanese students who went to the U.S. 
to study engineering in the sixties and the seventies. 


Saxenian (2000) provides an anecdotal study of possible candidates of the fertius status. 
Her study can certainly serve as a stepping-stone for future studies that are more 
methodologically systematic and rigorous. 


TSMC (2002) TSMC Home Page at http:/Avww.tsmc.com/. Accessed March 10, 2002. 


